Evolution of catalytic microenvironment governs substrate and product diversity in trichodiene synthase and other terpene fold enzymes.
Trichodiene synthase, a terpene fold enzyme catalyzes the first reaction of trichodermin biosynthesis that is an economically important secondary metabolite. Sequence search analysis revealed that the proteins containing terpene fold are present in bacteria, fungi and plants. Terpene fold protein from Selaginella moellendorffii, a lycophyte, appeared at the interface of the microbes and plants in the evolutionary scale. Amino acid residues present around the catalytic pocket determines the size of the substrate as well as product molecules. It has been observed that the overall molecular evolution of the catalytic pockets dictates the choice of substrates/products of the proteins. It was further observed that N-terminus of multi-domain terpene fold proteins may assist in the interactions with the pyrophosphate part of the substrates. The phylogenetic analysis of these proteins further revealed that the enzymes are clustered into groups based on the domains present additional to the catalytic domains. We have also observed inter-domain 'puckering forceps' type motions in the multi-domains using normal mode analysis which were further correlated with their functions. The evolutionary clustering of these proteins was also influenced by the presence/absence of cofactor interacting motifs. These results may be used to modify/enhance the functions of these enzymes using protein engineering methods.